Purpose of Study-Prenatal exposure to alcohol often results in disruption to discrete cognitive and behavioral domains, including executive function (EF) and adaptive functioning. In the current study, the relation between these two domains was examined in children with histories of heavy prenatal alcohol exposure, non-exposed children with a diagnosis of attention-deficit/ hyperactivity disorder (ADHD), and typically developing controls.
Introduction
The effects of heavy prenatal alcohol exposure include neuropsychological and behavioral deficits. Such deficits occur on a continuum and are collectively known as fetal alcohol spectrum disorders (FASD; Bertrand et al., 2004) . Some, but not the majority of children with heavy prenatal alcohol exposure display characteristic physical features necessary for a diagnosis of fetal alcohol syndrome (FAS; Hoyme et al., 2005 , Stratton et al., 1996 , Bertrand et al., 2004 ; the diagnosis of FAS is based on the presence of key facial features (smooth philtrum, thin vermillion border, and small palpebral fissures) along with documented growth and central nervous system deficiencies (Jones and Smith, 1973 , Bertrand et al., 2004 , Hoyme et al., 2005 . Although recent estimates suggest FAS may occur in 2 to 7 cases per 1,000 births in the U.S., cases of FASD are more prevalent, occurring in approximately 9 in 1,000 live births (May et al., 2009 , Sampson et al., 1997 .
Alcohol-exposed children with and without the characteristic facial features associated with FAS demonstrate qualitatively similar deficits on neuropsychological and behavioral measures . These impairments include difficulties with verbal and nonverbal learning (Kaemingk et al., 2003 , Aragon et al., 2008 , language (McGee et al., 2009) , visual-spatial functioning (Chiodo et al., 2009) , and attention (Schonfeld et al., 2001) . The neurobehavioral implications of heavy prenatal alcohol exposure are pervasive, affecting the individual's behavioral abilities throughout the lifespan (Fryer et al., 2007 , Coles et al., 1991 , Thomas et al., 1998 , Crocker et al., 2009 , Streissguth et al., 2004 , Streissguth et al., 1996 . Of particular concern for individuals with FASD are adaptive abilities, which encompass the ability to monitor and adjust behavior in changing environments (Sparrow et al., 1984) . In FASD, adaptive deficits begin early and functioning fails to improve with age, particularly on measures of socialization and communication (Thomas et al., 1998 , Crocker et al., 2009 , Whaley et al., 2001 , Carr et al., 2010 , Steinhausen et al., 1993 . Such adaptive impairments may be related to elevated rates of secondary disabilities in FASD, including maladaptive behavioral outcomes, academic failure, and increased delinquency (Streissguth et al., 1994 , Streissguth et al., 1990 , Streissguth et al., 2004 , Howell et al., 2006 , Fast et al., 1999 .
Executive functions (EF), or higher-order cognitive processes involved in behavioral modification (Welsh and Pennington, 1988) , are also significantly impaired in FASD, particularly on tasks of decision-making, concept formation, and set-shifting (Vaurio et al., 2008 , McGee et al., 2008b , Schonfeld et al., 2006 , Schonfeld et al., 2001 . Previous literature has suggested that EF may contribute to adaptive functioning through selfregulation of emotional and social processes (Lezak et al., 2004 , Diekhof et al., 2009 , Roberts, 2006 , Schoenbaum et al., 2009 . Determining whether diminished EF contributes to adaptive dysfunction in FASD is of particular importance, as recent literature has focused on the need for clinically relevant interventions for children with FASD (Bertrand, 2009) . Establishing how EF abilities contribute to adaptive deficits could aid in the development of future interventions for FASD and provide a measurement for the effectiveness of current intervention programs.
Although no study to date has examined the relation between EF and adaptive behavior in FASD, previous literature has examined the relation between EF and social functioning (Schonfeld et al., 2006 , McGee et al., 2008a . Findings indicated that parent reports of EF in children with FASD relate to self-reports of social problem solving (McGee et al., 2008a) and parent and teacher assesments of social skills (Schonfeld et al., 2006) . Thus, it appears that EF abilities contribute to social adaption in this population; however, given that adaptive behavior is comprised, in part, of social and communication abilities, further investigations are needed to determine whether overall adaptive deficits in FASD are related to executive dysfunction. The relation between standardized EF measures and adaptive behavior has been examined in other clinical populations, including non-exposed children with attention deficit/hyperactivity disorder (ADHD; Wahlstedt et al., 2008 , Thorell and Wahlstedt, 2006 , Clark et al., 2002 . Given the similar adaptive behavior (Stein et al., 1995 , Thorell and Wahlstedt, 2006 , Greene et al., 1996 , Roizen et al., 1994 and executive function impairments (Toplak et al., 2009 , Semrud-Clikeman et al., 2008 , Semrud-Clikeman et al., 2010 , Muir-Broaddus et al., 2002 , Stavro et al., 2007 , Miller and Hinshaw, 2010 demonstrated by children with FASD and non-exposed children with ADHD, determining the contribution of specific EF domains to adaptive deficits may promote more effective interventions for both clinical groups.
The current study aimed to examine how specific verbal and non-verbal laboratory measures of EF relate to parent-reports of adaptive behavior in children with histories of heavy prenatal alcohol exposure, non-exposed children with ADHD, and non-exposed children without ADHD. It was hypothesized that children with prenatal alcohol exposure would have poorer adaptive and executive functioning than non-exposed children with and without ADHD, and that non-exposed children with ADHD would show greater adaptive and EF impairments than non-exposed children without ADHD. Given previously documented contribution of verbal ability to adaptive behavior in non-exposed children with ADHD (Clark et al., 2002) and greater non-verbal impairments in children with prenatal alcohol exposure (Schonfeld et al., 2001 , Vaurio et al., 2008 , the current study hypothesized that verbal EF tasks would contribute more to adaptive functioning in the non-exposed ADHD group, whereas non-verbal EF ability would be associated with adaptive ratings in children with prenatal alcohol exposure. Lastly, it was posited that EF abilities would account for a greater amount of explained variance in adaptive scores in the clinical groups compared to the control group.
Materials and Methods

General Methods
Children (N = 357) between the ages 8-18 years (M = 12.10, SD = 2.44) were recruited for an ongoing multisite research study conducted by the Collaborative Initiative on Fetal Alcohol Spectrum Disorders (CIFASD), which have been described elsewhere (Mattson et al., 2010) . Children included in this study comprised 3 groups: those with heavy prenatal exposure to alcohol (the ALC group), non-exposed children with a diagnosis of ADHD (the ADHD group), and typically developing children without histories of prenatal alcohol exposure or ADHD (the CON group).
CIFASD neurobehavioral testing took place at multiple testing centers internationally. However, only data collected in United States testing centers were considered in this analysis to decrease potential impact of cultural and social demands on adaptive behavior. Children in the ALC group were recruited at all testing sites through various methods (for details see Mattson et al., 2010) . Children diagnosed with ADHD were recruited for this study from the Center for Behavioral Teratology at San Diego State University, The Fetal Alcohol and Drug Exposure Clinic at Emory University, Center on Alcoholism, Substance Abuse and Addictions at the University of New Mexico, seven different communities throughout North Dakota, South Dakota, and Montana (Northern Plains), and Fetal Alcohol and Related Disorders Clinic at the University of California, Los Angeles (Mattson et al., 2010) . Control children were recruited through various modalities from individual sites for on-going research or specifically for CIFASD.
A standardized neuropsychological battery was administered in a single day to each child by a trained examiner, who was blind to the participant's diagnostic group. Children were assessed on a range of cognitive domains, including general intellectual functioning, attention, memory, and executive functioning. Parent interviews and questionnaires were administered to primary caregivers. Caregivers completed the clinician-assisted National Institute of Mental Health Diagnostic Interview Schedule for Children (DISC; Shaffer et al., 2000) to determine ADHD diagnosis, along with any comorbid psychopathology. Informed assent and consent were obtained from all subjects and their parents prior to testing. Subject incentive was provided to both parents and children. The Institutional Review Board (IRB) at San Diego State University and other CIFASD sites approved this study.
Subjects
The ALC (n = 142) group comprised children with confirmed histories of heavy prenatal alcohol exposure. In the ALC group, 38 (26.8%) children met criteria for FAS and 60 (59.9%) met diagnostic criteria for ADHD based on the Diagnostic and Statistical Manual of the American Psychiatric Association (DSM-IV; American Psychiatric Association, 2000). For all CIFASD sites, children included in the ALC group were recruited retrospectively and had known histories of heavy prenatal alcohol exposure, defined as in utero exposure to an average of 14 drinks per week or more than 4 alcoholic drinks at least once per week on average throughout the pregnancy. Prenatal exposure to alcohol was confirmed through medical history, birth records, social services records, and maternal report and questionnaires, when available. FAS diagnoses were determined via a comprehensive clinical exam by a member of the CIFASD Dysmorphology Core, using a standardized assessment of physical, craniofacial and growth anomalies. Children in the ALC group were categorized as having FAS if they met the following criteria: structural abnormality (i.e., two or more of the following facial features: short palpebral fissure length, smooth philtrum, thin vermillion border) and either growth deficiency or microcephaly. Additional detail on the CIFASD Dysmorphology Core diagnostic criteria can be found elsewhere (Mattson et al., 2010 , Jones et al., 2006 .
The ADHD group (n = 82) consisted of non-exposed children who met full DSM-IV diagnostic criteria for ADHD per the DISC. The CON group (n = 133) consisted of typically developing children who did not meet diagnostic criteria for ADHD, and had histories of little to no prenatal exposure to alcohol, as described above. Children were excluded from the CON group if they demonstrated clinical or subclinical symptoms of ADHD, as defined by the DISC. At all testing locations, children in the ADHD and the CON groups were screened for prenatal alcohol exposure and were only included if exposure levels were less than minimal exposure, defined as one drink per week on average and never more than 2 drinks on a single occasion throughout gestation. Exclusion criteria for all groups were: history of significant head injury or loss of consciousness > 30 minutes, non-fluent English speaker, inability to participate due to psychiatric or physical disability, or had been adopted from abroad after the age of 5 years old or less than 2 years before assessment.
Measures
Vineland Adaptive Behavior Scales-II (VABS)-The Vineland Adaptive Behavior Scales-II Parent/Caregiver Rating Form (Sparrow et al., 2005 ) is a standardized parent questionnaire assessing adaptive behavior. Behavioral questions are scored as 0, 1, or 2, with 0 representing a response of never, 1 representing sometimes or partially, and 2 representing usually. The measure provides a standard adaptive composite score (population M = 100, SD = 15), which is derived from standardized domain scores: communication, socialization, and daily living skills. The VABS standard adaptive score is standardized and normed for age. Computerized scoring software was used to derive standardized adaptive scores. Information regarding VABS standardization, validity and reliability can be found in the Survey Forms Manual (Sparrow et al., 2005) .
Delis-Kaplan Executive Function System (D-KEFS)-
The D-KEFS is a set of performance-based measures used to assess executive function abilities in individuals between 8-89 years of age . Tasks used in the study included Verbal Fluency-Switching (VF), Design Fluency-Switching (DF), Trail Making Test-Switching (TMT), and Color-Word Interference-Inhibition/Switching (CWI). Only subtests with a switching condition were used for this study, as these measures are considered to be the most sensitive to impairments in higher order cognitive flexibility (multi-tasking) and setshifting abilities, which have been demonstrated in FASD (Mattson et al., 2006) . Additionally, specific tasks allowed for assessment of both non-verbal (DF and TMT) and verbal (VF and CWI) EF.
The D-KEFS does not provide a standardized composite score and thus, subtests were analyzed separately. Dependent variables for TMT and CWI are based on completion times, those for DF are based on the total number of correct designs completed within 60 seconds, and those for VF are based on the total number of correct category switches in 60 seconds. All raw scores were transformed into standard scores (population M = 100, SD = 15) prior to analysis using a computerized software program; higher standard scores for all variables reflect stronger performance . Normative data is stratified across sex, ethnicity/race, age, and education level for each of the D-KEFS subtests. Subtests of the D-KEFS are shown to have strong internal and test-retest reliability, and high construct validity for decision-making, inhibition, multitasking, concept formation, abstract thought and planning abilities ).
Data Analysis
Demographic data were analyzed using Pearson Chi-Square (sex, race, ethnicity, and handedness) and standard Analysis of Variance (ANOVA) (age, and FSIQ). Significant group differences on ANOVA were followed up using pair-wise comparisons [Tukey Honestly Significant Difference (Tukey HSD) test]. Alpha per test rate was set at p < .05 for all primary analyses.
Group differences on D-KEFS tasks (VF, DF, TMT, CWI) and adaptive scores were analyzed using univariate ANOVAs. Group (ALC, ADHD, CON) served as the independent variable and D-KEFS switching measures (i.e., Verbal Fluency, Design Fluency, Trail Making Test, Color-Word Interference) and VABS adaptive score served as separate dependent variable. Significant main effects were followed up with pairwise comparisons (Tukey HSD).
In order to determine whether specific D-KEFS tasks were predictive of adaptive scores, four hierarchical stepwise regression analyses were conducted, with the EF scores analyzed separately. For each analysis, adaptive score was entered as the dependent variable and the EF score of interest and Group were entered as predictors. Planned contrast codes (displayed in Table 3 ) were created for the Group (ALC, ADHD, CON) variables. Since the relation between age and adaptive behavior has been previously shown to differ in children with prenatal alcohol exposure compared to non-exposed children with and without ADHD (Crocker et al., 2009 , Thomas et al., 1998 , Whaley et al., 2001 , age was included in the model as a covariate. On step one of each regression analysis, Age, Group and the D-KEFS variable of interest (e.g., VF) were entered into the model. On step two, to test whether the relation between each D-KEFS tasks and adaptive scores differed by group, interaction terms between Group and D-KEFS variables were added to the model. Follow-up regression analyses were conducted within each group to examine the relative magnitude between EF and adaptive scores with Age and D-KEFS measures entered as predictor variables. Using Bonferroni adjustment, an Alpha per test rate of p = .017, respectively, was used for all follow-up tests. Additional regression analyses were also conducted to examine differences within the ALC group. SPSS statistical software package version 19.0 was used for statistical analyses (SPSS, 2010) .
Results
Demographic Data
Groups did not differ on handedness [χ 2 (df = 4) = 6.33, p = .176], race [χ 2 (df = 12) = 18.76, p = .094], ethnicity [χ 2 (df = 4) = 3.87, p = .423], or age [F (2, 331) = 6.120, p = 0.114]. However, groups did differ on sex [χ 2 (df = 2) = 9.75, p = .008], and, as expected, on Full Scale IQ [FSIQ; F (2, 331) = 92.37, p < 0.001]. For FSIQ, pairwise comparisons indicated that the ALC group had lower scores than the ADHD group (p < 0.001) and both had lower scores than the CON group (p < 0.001). For sex, the ADHD group had significantly more males than the ALC (p = 0.005) and CON (p = 0.004) groups, which did not differ from each other (p = 0.889). The male to female ratio in the ADHD group is thought to be representative of sex differences estimated in the ADHD population (Graetz et al., 2001 , Merikangas et al., 2010 , Cantwell, 1996 . Demographic information is presented in Table 1 .
Group Differences in Executive Function and Adaptive Behavior
Average executive function and adaptive scores for the three groups are presented in Table  2 . There was a significant main effect of Group on all four D-KEFS measures; post hoc comparisons indicated that the ALC and ADHD groups differed from the CON group (ALC, ADHD < CON), but did not differ significantly from each other (p > .10). There was also a significant main effect of Group on adaptive scores and post hoc comparisons indicated that all groups differed significantly from one another (ALC < ADHD < CON).
Relation between Executive Function and Adaptive Behavior
Separate hierarchical multiple regression analyses were conducted to evaluate the effect of Age, Group (ALC, ADHD, CON), and D-KEFS measure (VF, DF, TMT, CWI) on adaptive scores. Regression results are summarized in Table 3 and graphs illustrating the relation between each D-KEFS task and adaptive scores are presented in Figure 1 .
Verbal Fluency-On step one of the regression analysis, Age, Group, and VF accounted for a significant amount of the variance in adaptive scores. As shown in the univariate analyses described previously, groups differed significantly on adaptive scores (ALC < ADHD < CON). Age was significantly negatively associated with adaptive scores across groups. Scores on VF were significantly positively associated with adaptive scores across groups. On step two, the addition of the two-way interaction term between VF and Group accounted for a significant increase in explained variance in adaptive scores. The VF X ALC vs. ADHD and VF X ADHD vs. CON interactions were significant, indicating that the relation between VF and adaptive scores is different in the ADHD group compared to the ALC and the CON groups.
Regression analyses were rerun to explore the relation between VF and adaptive scores within each group (results are displayed in Table 4 ). Age and VF were entered as predictor variables on adaptive score. Using an adjusted alpha per test rate of .017, the analyses revealed that VF was only significantly related to VABS adaptive score in the ADHD group. Age was significantly negatively associated with adaptive scores in the CON group, but not in the other two groups. Thus, VF, but not Age, explains variance in adaptive scores in the ADHD group, although this pattern was not true in the ALC or CON groups.
Design Fluency-On step one of the regression, Age, Group, and DF accounted for a significant amount of the variance in adaptive scores. Group was significantly associated with adaptive score (ALC < ADHD < CON). Age was significantly and negatively associated with adaptive score across groups. Finally, scores on DF were significantly positively associated with adaptive score across groups. Explained variance in adaptive scores did not significantly increase with the addition of the two-way interaction terms on step two. Follow-up analyses revealed that DF was significantly and positively related to adaptive scores in the ALC group, but not the ADHD or the CON group. Age was significantly negatively associated with adaptive scores in the CON group, but not in the other two groups. Thus, DF, but not Age, explains variance in adaptive scores in the ALC group, but not in the ADHD or the CON groups.
Trail Making Test-On step one of the regression, Age, Group, and TMT accounted for a significant amount of the variance in adaptive scores. Group was significantly associated with adaptive scores (ALC < ADHD < CON). Age was not significantly associated with adaptive scores across groups. Finally, scores on TMT were significantly positively associated with adaptive scores across groups. Explained variance in adaptive scores did not significantly increase with the addition of the two-way interaction terms on step two.Followup regression analyses revealed that TMT was significantly related to adaptive scores in the ALC and the ADHD groups, but not in the CON group. Age was significantly negatively associated with adaptive scores in the CON group, but not in the other two groups. Thus, TMT explains variance in adaptive scores in the ALC and the ADHD groups, but not in the CON group.
Color-Word Interference-On step one of the regression, Age, Group, and CWI accounted for a significant amount of the variance in adaptive scores. Group was significantly associated with adaptive score (ALC < ADHD < CON). Age was also significantly negatively associated with adaptive score across groups. Finally, scores on CWI were significantly positively associated with adaptive score. Explained variance in adaptive scores did not significantly increase with the addition of the two-way interaction terms on step two. Follow-up regression analyses revealed that CWI was significantly related to adaptive score in the ADHD group, but not the other two groups. Age was significantly negatively associated with adaptive scores in the CON group, but not in the ADHD group. Thus, CWI explains variance in adaptive scores in the ADHD group, but not in the ALC or the CON groups.
Additional Covariates
To further investigate the relation between EF tasks and adaptive score, other variables were entered as model covariates. Although IQ differed between groups, it was not considered an appropriate covariate. Prior studies have addressed potential confounds when IQ is covaried, including population representativeness and non-linearity between IQ and other neuropsychological domains (Dennis et al., 2009 ). However, given the documented sex differences on adaptive behavior in FASD (Schonfeld et al., 2006) , Sex was considered as a covariate. Generally, analyses yielded similar results as above. When entered on step one, Group, D-KEFS tasks, Age, and Sex accounted for a significant amount of explained variance in adaptive score (F = 42.63-46.16, p < .001). Group was significantly associated with adaptive score (ALC < ADHD < CON), across Sex. Across, levels of Group and Sex, Age was significantly negatively associated with adaptive scores in the VF (b = −0.85, p = . The addition of the interaction terms on step two did not significantly increase amount of explained variance in adaptive scores. Thus, including Sex as a model covariate did not significantly alter prior results.
Comparisons Within the Alcohol-Exposed Group
We also sought to examine whether the relation between EF and adaptive behavior differs for children with histories of prenatal alcohol exposure as a function of FAS or ADHD diagnosis. Since number of children in the ALC group with ADHD did not differ for children with FAS (n = 23) or without FAS (n = 14) FAS [χ 2 (df = 1) = .16, p = .693], FAS and ADHD diagnosis were collapsed so that the effects of each factor could be examined separately. To do so, initial two-step regression analyses, as described above, were repeated comparing the following groups: (1) ALC with FAS vs. ALC without FAS, and (2) ALC with ADHD vs. ALC without ADHD. Since VF and CWI were not significantly associated with adaptive scores in alcohol-exposed children, only DF and TMT were included in the following analyses.
When comparing alcohol-exposed children with and without FAS, on step one, Age, FAS status, and DF accounted for a significant amount of explained variance in adaptive scores (R 2 =.117, p = .004). FAS status was marginally positively associated with adaptive scores (b = 6.54, p = .062). Thus children with FAS have lower adaptive scores compared to alcohol-exposed children without FAS, although the difference did not reach statistical significance. Age was not significantly associated with adaptive scores (p = .134) across groups. Additionally, across groups, DF (b = 1.75, p = .004) significantly predicted adaptive scores. The DV X Group interaction term entered on step two did not significantly increase explained variance in adaptive scores (ΔR < .001, p = .989). Thus, the relation between DF and adaptive scores in the alcohol-exposed subjects was not dependent on the presence of an FAS diagnosis. When examining TMT, TMT, Age, and Group were entered on step one and accounted for a significant amount of explained variance in adaptive scores (R 2 =.110, p = . 007). FAS diagnosis was marginally positively associated with adaptive scores (b = 6.74, p = .057). Thus children with FAS have lower adaptive scores compared to alcohol-exposed children without FAS, although this difference did not reach statistical significance. Age was not significantly associated with adaptive scores (p = .428) across groups. Additionally, across groups, TMT (b = 1.13, p = .007) significantly predicted adaptive score. The TMT X Group interaction term entered on step two did not significantly increase explained variance in adaptive scores (ΔR < .001, p = .964). Thus, the relation between DF adaptive scores in alcohol-exposed subjects was not dependent on the presence of an FAS diagnosis.
When ALC with ADHD subjects were compared to ALC without ADHD subjects, Age, Group, and DF accounted for a significant amount of explained variance in adaptive scores (R 2 = .229, p < .001) when entered on step one. ADHD diagnosis was a significant predictor of adaptive scores (b = 8.42, p < .001). Thus, the ALC with ADHD group had significantly lower adaptive scores compared to the ALC without ADHD group. Across groups, Age was not significantly associated with adaptive scores (p = .425). The DF X Group interaction terms entered on step two did not account for an increase in explained variance of adaptive scores (ΔR = .003, p = .512). Thus, the relation between DF and adaptive scores in alcoholexposed subjects was not dependent on the presence of an ADHD diagnosis. When examining TMT, TMT, Age, and ADHD group were entered on step one and accounted for a significant amount of explained variance in adaptive score (R = .199, p < .001). ADHD diagnosis was a significant predictor of adaptive scores (b = 8.98, p < .001). Thus, the ALC with ADHD had significantly lower adaptive ratings compared to the ALC without ADHD group. TMT (b = .94, p = .018) was significantly associated with adaptive scores across groups, but Age was not significantly associated with adaptive scores (p = .715), across groups.
Step two did not significantly add to the explained variance in adaptive scores (ΔR 2 = .008, p = .319). Though ADHD diagnosis was, on its own, associated with adaptive scores, the relations between non-verbal EF tasks (DF, TMT) and adaptive scores in alcoholexposed subjects was not dependent on the presence of an ADHD diagnosis.
Discussion
The aim of the present study was to examine whether or not performance on verbal and nonverbal executive function tasks predicted adaptive behavior outcomes in children with histories of heavy prenatal alcohol exposure compared to non-exposed children with ADHD and typically developing controls. Contrary to what was expected, the ALC and the ADHD group displayed similar performance on all D-KEFS tasks, although both groups did perform more poorly than the CON group. These results confirm previous findings that children with prenatal alcohol exposure have poorer EF capabilities when compared to typical controls (Vaurio et al., 2008 , Connor et al., 2000 , Burden et al., 2009 , Coles et al., 1997 , Carmichael Olson et al., 1998 and that EF deficits occur in nonexposed children with ADHD (Wahlstedt et al., 2008 , Lambek et al., 2010 , SemrudClikeman et al., 2010 , Semrud-Clikeman et al., 2008 , Coolidge et al., 2000 , Thorell and Wahlstedt, 2006 . However, these results are, in part, different from our earlier report which suggested both similarities and differences in EF between these two groups, since in the current study, the ALC and ADHD groups did not differ significantly on any EF task (Vaurio et al., 2008) . The two studies differed on variable selection and sample size, which may have resulted in these differences. As was expected, the ALC and the ADHD groups were rated more poorly than controls on measures of adaptive behavior, with the ALC group demonstrating more severe deficits compared to the ADHD group (Crocker et al., 2009 , Thomas et al., 1998 , Whaley et al., 2001 , Mikami et al., 2007 , Sukhodolsky et al., 2005 , Stein et al., 1995 , Roizen et al., 1994 , Greene et al., 1996 . Additionally, the majority of EF tasks (VF, TMT, and CWI) were strongly associated with adaptive behavior in the ADHD group, whereas only non-verbal EF tasks (DF, TMT) were significantly associated with adaptive scores in the ALC group. In the CON group, none of the D-KEFS tasks accounted for an increased amount of explained variance in adaptive scores, though standard scores decreased with age.
To examine whether the relation between specific EF tasks and adaptive behavior differed between groups, Group X D-KEFS task interactions were analyzed. For the most part, results were consistent across groups. However, the significant Group X VF interaction suggested that VF was uniquely associated with adaptive scores in the ADHD group relative to the ALC and the CON groups; follow-up analyses revealed that VF significantly predicted adaptive behavior only for the ADHD group. Follow-up tests also indicated that adaptive scores in the ADHD group were associated with performance on both verbal (VF and CWI) tasks and select non-verbal (TMT) EF tasks. These findings support prior studies (Clark et al., 2002) suggesting that when considered together, verbal and EF abilities account for adaptive deficits observed in non-exposed children with ADHD. However, given the relation between TMT (in addition to the verbal tasks) and adaptive behavior, the relation between cognitive set-shifting and adaptive behavior may be more general in this group. Thus, results indicate that as cognitive set-shifting ability increases, adaptive deficits decrease in non-exposed children with ADHD. Additionally, the large amount of variability in adaptive scores explained by VF, TMT, and CWI in the ADHD group may support prior findings that executive dysfunction, considered to be a hallmark deficit of ADHD (Nigg and Casey, 2005 , Barkley, 1997 , Pennington and Ozonoff, 1996 , results in adaptive impairments in non-exposed children with ADHD.
Contrary to findings from the ADHD group, performance on non-verbal EF tasks (DF, TMT) accounted for a large amount of explained variance in adaptive scores in the ALC group. Deficits on non-verbal EF tasks, including TMT and DF have previously been reported following heavy prenatal alcohol exposure (Schonfeld et al., 2001 , Vaurio et al., 2008 . In particular, non-verbal EF deficits on DF have been shown to be particularly sensitive to prenatal alcohol exposure (Schonfeld et al., 2001) . Additionally, deficits in spatial learning and memory are also documented in studies of prenatal alcohol exposure (Uecker and Nadel, 1998 , Kaemingk and Halverson, 2000 , Aragon et al., 2008 , although further research needs to address such impairments. Given the wider range of difficulties typically observed in children with prenatal alcohol exposure relative to children with ADHD, it is therefore possible that a combination of deficits are contributing to impaired adaptive ability in these children. Since EF processes are difficult to disentangle from other higher-order cognitive processes (Fletcher and Henson, 2001) , such as spatial working memory, the relation between specific non-verbal EF tasks (DF and TMT) and adaptive ratings observed in the ALC group may indicate the influence of other neuropsychological processes on adaptive behavior. Future studies should evaluate the contribution of different domains of cognitive function, including spatial working memory, to better understand the nature of adaptive difficulties in children with histories of prenatal alcohol exposure.
Subgroup comparisons within the ALC group revealed that even though there was a trend towards FAS children being rated as more impaired on adaptive behavior than nondysmorphic alcohol-exposed subjects, EF performance predicted adaptive behavior similarly for dysmorphic and non-dysmorphic alcohol-exposed subjects. Similarly, children in the ALC group with ADHD had significantly lower adaptive scores than children in the ALC group without ADHD, but the presence of an ADHD diagnosis did not affect the relation between EF and adaptive behavior. Thus, it appears that while having prenatal alcohol exposure and a diagnosis of ADHD, and to a lesser extent having a diagnosis of FAS, places alcohol-exposed children at increased risk for adaptive dysfunction than history of heavy prenatal alcohol exposure alone, the presence of these diagnoses do not change the relation between nonverbal EF performance and adaptive behavior.
In the CON group, follow-up tests revealed that none of the EF tasks significantly predicted adaptive scores, indicating that age is more predictive of adaptive outcomes than verbal and non-verbal EF ability in this group. However, the significant negative relation between age and adaptive scores in the CON group should not be interpreted as decreasing adaptive abilities with age, but rather that standard scores in this group did not correspond with chronological expectations. There are several interpretations for this negative relation. First, this finding may result from the CON group being self-referred, which may possibly represent a more impaired population. However, the average performance of this group was still within or above normal limits for executive function, adaptive behavior, and IQ scores, suggesting an alternative explanation is necessary. Another possibility is that parents of typically developing adolescents, particularly those who are high functioning, may have higher expectations regarding adaptive abilities than what is typically demonstrated in this age range.
This study provides new information about the relation between non-verbal EF abilities and adaptive behavior in children with prenatal alcohol exposure. Although the relation between EF and adaptive functioning has not been examined with laboratory measures previously in FASD, prior studies have found significant relations between parent rating of social skills and social problem solving and parent ratings of EF (McGee et al., 2008a , Schonfeld et al., 2006 . Specifically, the current investigation found that non-verbal EF tasks (DF, TMT) accounted for a large amount of explained variance in adaptive scores in the ALC group. This relation may be due to other factors which impact adaptive ability, including home environment, which was not considered in this study. Home environment may impact adaptive functioning, particularly for children with prenatal exposure to alcohol (Jester et al., 2000) , who often reside outside of their biological homes (Fryer et al., 2007) , and are more likely to have had unstable and/or adverse home environments (Streissguth et al., 2004) . Poor behavioral outcomes have been reported for children with prenatal alcohol exposure when the child is subjected to non-advantageous or stressful home environments (Coggins et al., 2007 , Fagerlund et al., 2011 . The literature also suggests that children with ADHD also have home environments characterized by increased conflict and disorganization (Pressman et al., 2006) and thus alternative explanations may also exist. Group differences between D-KEFS tasks, adaptive behavior, and the relation between the two further support the notion that children with prenatal alcohol exposure and non-exposed children with ADHD may be differentiated on these domains. Previous studies comparing these groups show that groups perform similarly on set-shifting measures, but differ on measures of verbal and non-verbal fluency (Schonfeld et al., 2001 , Vaurio et al., 2008 . Additionally, previous findings have shown that, on measures of adaptive behavior, both groups show impairment, but only children with prenatal alcohol exposure fail to show improvement on adaptive functioning with age (Crocker et al., 2009) .
Findings from the current study are also consistent with previous studies examining the relation between EF and adaptive ability in children with ADHD (Clark et al., 2002) . Previous studies have demonstrated that early EF impairments are predictive of later behavioral problems in non-exposed children with ADHD (Wahlstedt et al., 2008) and that early ADHD diagnosis is associated with poorer adaptive functioning at an older age (Roizen et al., 1994) . Additional studies in ADHD have found that childhood EF performance is predictive of adolescent social functioning (Miller and Hinshaw, 2010) , which may contribute to poorer adaptive ratings in non-exposed children with ADHD.
In sum, these results support the idea that higher-order cognitive and strategic planning deficits may contribute to the adaptive deficits observed in children and adolescents with prenatal alcohol exposure and non-exposed children with ADHD. Additionally, these findings demonstrate that although age is related to adaptive behavior in the clinical groups, EF abilities account for an additional amount of explained variance in adaptive behavior ratings.
Limitations
While these results provide important information about the relation between EF and adaptive behavior in children with prenatal alcohol exposure, there are several limitations that should be considered, including the use of parent questionnaires, which may have increased subjectivity of adaptive ratings. It is possible that parent/caregiver expectations of daily functioning may be different for exposed vs. non-exposed children (Streissguth et al., 2004 , McGee et al., 2008a . In addition, this study only included EF tasks with switching components, as previous literature has shown that children with histories of heavy prenatal alcohol exposure demonstrate deficits in complex set-shifting (McGee et al., 2008b) . However, EF is a multifaceted construct and other executive abilities might contribute to adaptive functioning in children in these two clinical groups. Finally, IQ was not considered in our analyses, given statistical and theoretical limitations (Dennis et al., 2009) and it is possible that overall ability levels impacted the findings of this study. However, lowered IQ scores are inherent in the effects of heavy prenatal alcohol exposure and these results are generalizable to the larger population of alcohol-exposed.
Despite these limitations, this study has several notable strengths. This is the first study to examine the relation between standardized laboratory measures of EF and adaptive behavior outcomes in children with confirmed histories of prenatal alcohol exposure compared to non-exposed children with ADHD and healthy controls. Additionally, the sample sizes included in this study are large relative to other studies examining the effects of prenatal alcohol exposure. Furthermore, this study incorporates multiple testing centers across the United States, increasing generalizability of findings to a broader range of children who have histories of heavy prenatal alcohol exposure and/or ADHD.
Implications and Future Directions
These findings should be considered a first step towards identifying specific neurocognitive domains that contribute to secondary deficits, including adaptive abilities, in children with histories of heavy prenatal alcohol exposure. Based on these results, interventions that aim to strengthen non-verbal executive function skills (Bertrand, 2009) may be utilized to impact adaptive behavior. These interventions may be particularly important for individuals who have comorbid prenatal alcohol exposure and ADHD. Additionally, studies involving neuroimaging techniques aimed at the identification of specific brain regions associated with adaptive behaviors and complex higher-order processes, such as EF, could strengthen the evidence for a direct link between adaptive functioning deficits and cognitive processes in children with histories of prenatal alcohol exposure. Relation between D-KEFS executive function measures and the VABS adaptive score for children with heavy prenatal alcohol exposure (ALC), children with attention-deficit/ hyperactivity disorder (ADHD), and typically developing controls (CON). Table 1 Demographic data for children in the alcohol-exposed (ALC), attention-deficit/hyperactivity disorder (ADHD), and control (CON) groups. Mean (Standard Deviation) D-KEFS and VABS adaptive scores for children in the alcohol-exposed (ALC), attention-deficit/hyperactivity disorder (ADHD), and control (CON) groups. Hierarchical Multiple Regression results for children with heavy prenatal alcohol exposure (ALC), children with attention-deficit/hyperactivity disorder (ADHD), and typically developing controls (CON). Planned contrast codes used for each analysis are included in parentheses.
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